The present study evaluated androgen deprivation methods to determine the approach that most improves the progression-free survival (PFS) of patients with metastatic prostate cancer. Patients had received continuous maximal androgen blockade (MAB) or monotherapy [luteinizing-hormone releasing hormone (LHRH) agonist or orchiectomy] following the reaching of the prostate specific antigen (PSA) nadir. The medical records of 293 patients who received MAB following a diagnosis of metastatic prostate cancer were retrospectively reviewed. Following attainment of the PSA nadir and treatment with MAB, patients were maintained on continuous MAB (group CMAB) or converted to monotherapy (group MONO). Disease progression, defined as progression to castration-resistant prostate cancer, was evaluated and compared between the treatment modalities. PFS was compared between patients who received CMAB vs. MONO using 2:1 (102:53) propensity score matching; the basic clinicopathological characteristics (age, Gleason score, PSA and extent of bone metastasis) were similar between the groups. Disease progression was observed in 70.9% of all patients, with a median treatment period of 22.7 months. The median PFS time was 19.5 months in the CMAB group and 28.8 months in the MONO group (P=0.008). Kaplan-Meier analysis demonstrated that PFS was significantly associated with the type of maintenance androgen deprivation therapy (ADT; log rank <0.005). Multivariate analysis revealed that the type of maintenance ADT and the pretreatment extent of bone metastasis were independent predictors of prolonged PFS. In this propensity score matched-analysis, conversion to monotherapy with a LHRH agonist or orchiectomy following attainment of the PSA nadir with initial MAB, prolonged the PFS, suggesting that monotherapy maintenance following initial MAB may benefit patients by reducing side effects without decreasing treatment efficacy.
Introduction
Prostate cancer is the most prevalent malignancy in men and the second most frequent cause of cancer-associated mortality in the United States (1) . The incidence of prostate cancer in Korea increased by 12.8% annually between 1999 and 2010 (2) . Testing for prostate-specific antigen (PSA) has led to increased diagnoses of localized prostate cancer; however, despite this downward stage migration, a number of patients are still diagnosed with metastatic prostate cancer (2) . According to the Korea Central Cancer Registry, between 2006 and 2010 ~73.3% of patients with prostate cancer were diagnosed with loco-regional disease, whereas 9.0% presented with distant disease (extension to organs other than the prostate, or metastases to distant lymph nodes or organs) (2) .
Androgen deprivation therapy (ADT), including bilateral orchiectomy and treatment with luteinizing hormone-releasing hormone (LHRH) agonists with or without anti-androgens, is a well-established initial treatment for metastatic prostate cancer (3) . Despite the initial positive response, a number of patients may experience significant adverse effects (4) (5) (6) . Castration-resistant prostate cancer (CRPC) is inevitable following a variable period of response to ADT (7) (8) (9) (10) . Strategies to delay CRPC and minimize the adverse effects of ADT, including intermittent androgen deprivation therapy (IADT) or novel agents, remains an active area of investigation (11) .
During the management of advanced prostate cancer, previous studies have demonstrated that IADT is at least as effective as continuous treatment with regard to disease progression and overall survival (12) (13) (14) . However, IADT should be considered as an alternative therapeutic approach to CADT, accounting for the caveats and cautions suggested by meta-analysis of eight randomized controlled trials of intermittent vs. continuous ADT (12) (13) (14) .
In high-volume metastatic prostatic cancer, including various lymph node or bone metastases, initial bulky tumors and high baseline PSA levels, IADT is not a suitable treatment modality (15) (16) (17) . In these patients, continuous ADT must remain the standard treatment approach (14) . Continuous ADT comprises surgical castration, LHRH agonist with/without anti-androgen and LHRH antagonist (14) .
Therefore, the present study compared the efficacy of continuous maximal androgen blockade (MAB) and conversion to monotherapy, with an LHRH agonist or orchiectomy, after reaching PSA nadir following initial MAB therapy in patients with metastatic prostate cancer at initial presentation. Additionally, various factors affecting disease progression were also investigated.
Materials and methods
A retrospective review of the medical records of male patients diagnosed with prostate cancer with bone metastasis between 1996 and 2011 at the Asan Medical Center (Seoul, Korea) was performed. A total of 354 patients diagnosed with prostate cancer with bone metastasis received MAB as a first-line therapy. Patients with no recorded follow up for ≥1 year, or who had incomplete data, were excluded, and the remaining 293 patients formed the study cohort. Bone metastasis was assessed using a radionuclide bone scan. The median age at diagnosis was 70.2 years (range, 47-89 years).
MAB consisted of an oral anti-androgen (750 mg/day flutamide or 50 mg/day bicalutamide) with orchiectomy (89/293, 30.4%) or an LHRH agonist (3.75 mg/month leuprolide or 3.6 mg/month goserelin acetate; 204/293, 69.6%). Following attainment of the PSA nadir with initial MAB treatment (at a median of 8.5 months), patients received maintenance therapy with MAB (227/293, 77.5%), monotherapy (66/293, 22.5%) with an LHRH agonist or no treatment following bilateral orchiectomy.
PSA was recorded every 3 months, and a bone scan was performed every 6-12 months. However, if clinical progression was suspected due to the elevation of PSA levels at two consecutive readings or the development of skeletal symptoms, an immediate image study, including an X-ray, computed tomography or bone scan, was conducted.
The efficacy of ADT was assessed via serum PSA levels and bone lesion responses (18) . Disease progression was defined as progression to CRPC (biochemical progression and/or radiological progression). CRPC was defined by using the Prostate Cancer Working Group criteria as a continuous rise in PSA levels (biochemical progression and/or a radiological progression) even when the serum testosterone level remained in the castrate range (<50 ng/dl) due to surgical orchiectomy or medical therapy (18) . Biochemical progression was defined as three consecutive rises in PSA levels one week apart, resulting in two 50% increases over the nadir with PSA concentrations of >2 ng/ml. Radiological progression was defined as the appearance of ≥2 novel lesions on a bone scan.
The propensity score was determined from a non-parsimonious logistic regression model for treatment with continuous MAB vs. conversion to monotherapy. The variables included in this model were age, Gleason score, pretreatment PSA and pretreatment extent of bone metastasis. Patients receiving continuous MAB were matched at a ratio of 2:1 (105:53) with patients converting to monotherapy, by using the closest available pair matching method (19) . Model discrimination was assessed with c-statistics (P=0.724) and model calibration was assessed with Hosmer-Lemeshow statistics (χ 2 =4.662; P=0.793). To evaluate disease progression and compare treatment methods, χ 2 and Student's t-tests were used as appropriate. Survival was estimated using the Kaplan-Meier method and compared using the log-rank test. A Cox proportional hazards model was used for multivariate analysis. All statistical analyses were performed with SPSS 18.0 software (SPSS Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
The median follow-up period was 39.1 months (range, 12-170 months). Following initial MAB treatment, serum PSA had decreased to an undetectable level in 37.4% of patients, and to a detectable nadir in 62.6%. The median time to a PSA nadir was 8.5 months; following this nadir, 77.5% of the patients stayed on MAB and the remaining 22.5% were switched to monotherapy.
The clinical characteristics of the 293 patients based on post-nadir treatment status are presented in Table I . Patients on maintenance monotherapy had more favorable clinicopathological characteristics, including a lower pretreatment PSA level (P=0.005) and a lower metastatic burden (P=0.018). Following propensity score matching, the baseline clinicopathological characteristics remained similar between the groups (Table II) .
After a median treatment period of 22.7 months, 110 (70.9%) patients exhibited evidence of progression to CRPC, of which 95 (86.4%) demonstrated biochemical progression and 15 (13.6%) had radiological progression. Kaplan-Meier analysis demonstrated that progression-free survival (PFS) was significantly associated with the type of maintenance ADT administered to the patients, prior to and following propensity score matching (log rank, P<0.005; Fig. 1 ). The median PFS was 19.5 and 28.8 months following continuous MAB and conversion to monotherapy, respectively (P=0.008). Multivariate analysis using the Cox proportional hazard model revealed that the type of maintenance ADT and the pretreatment extent of bone metastasis were independent predictive factors of disease progression (Table III) .
Discussion
Even with the availability of PSA screening and the resulting reduction in cancer-stage progression, numerous patients with prostate cancer are initially diagnosed with metastatic disease, with 2.6% of patients in the CaPSURE™ trial possessing metastatic disease at the time of diagnosis (20) . Of the patients in the present study, 16.4% were initially diagnosed with metastatic prostate cancer. Among these patients, ADT was the primary treatment for metastatic disease, with its use increasing throughout the study period. Advanced prostate cancer typically becomes androgenindependent following castration (8) . The duration of response to ADT in metastatic prostate cancer is ~14-20 months (7-10). To maximize the effect of ADT, numerous strategies were used for the treatment of patients (continuous ADT vs. intermittent ADT; MAB vs. mono-ADT) (21) .
As aforementioned, the relative efficacy of IADT has yet to be established in metastatic prostate cancer. Previous studies have demonstrated that IADT was associated with a poorer prognosis and PFS for patients with metastatic prostate cancer (8, 20, 22) . In the Southwest Oncology Group (SWOG) 9,346 trial, the median overall survival exhibited an absolute difference moderately >6 months in favor of continuous therapy; 5.1 years in the intermittent-therapy group compared with 5.8 years in the continuous-therapy group (22) . Therefore, continuous ADT remains the standard treatment for metastatic prostate cancer; however, which continuous ADT methods (MAB vs. mono-ADT) are beneficial in metastatic settings remain to be established. Systematic reviews have demonstrated that MAB using non-steroidal anti-androgens appears to yield a small survival advantage (<5%) beyond five years, as compared with mono-ADT (surgical castration or LHRH agonists) (23) (24) (25) .
The European Association of Urology and The European Society of Medical Oncology recommend short-term administration of anti-androgen for between 1 and 4 weeks only to minimize the risk of the 'flare-up' phenomenon in patients with advanced metastatic prostate cancer (26, 27) . In the present study, maintenance of the anti-androgen treatment was required until the PSA nadir was reached at ~8.5 months.
In the present study, conversion to monotherapy prolonged PFS for 9.3 months, as compared with continuing MAB. In addition, a marked difference was observed in PFS in patients with metastatic prostate cancer who received ADT. Patients who were treated with a continuous LHRH agonist, or observation following orchiectomy had improved PFS, as compared with those who received continuous MAB following attainment of the PSA nadir (28.8 vs. 19.5 months). Due to variations in the baseline characteristics, including pretreatment PSA and the extent of bone metastasis, propensity score matched analysis was performed. Prior to and following matching, conversion to monotherapy was observed to be superior to continuous MAB with respect to PFS in patients with hormone-sensitive prostate cancer. Continuous MAB was associated with a 2.3-fold higher risk of prostate cancer progression, compared with conversion to monotherapy.
The inappropriate use of hormonal therapy, including short-term, intermittent, incomplete ADT or anti-androgen only, may lead to disease progression and an increased proportion of cancer cells with a higher malignant potential (28) . A patient's progression-free survival may be affected by a delay in the appearance of androgen-insensitive clones, following conversion to monotherapy. It is hypothesized that continuous MAB treatment may have facilitated the earlier development of androgen-insensitive clones; by contrast, conversion to monotherapy may have delayed the development of androgen-insensitive clones. MAB is associated with treatment-associated costs and increased adverse effects, including increased risk of cardiovascular disease, diabetes and metabolic abnormalities (29) . Therefore, maintenance therapy with an LHRH agonist, or observation following orchiectomy, may be associated with a reduction in adverse effects and treatment-associated costs, in addition to yielding improved PFS, as compared with the continuation of MAB therapy. One limitation of retrospective studies is the potential for selection bias. To mitigate this possibility during the present study, propensity score matching analysis was performed. Furthermore, the quality of life associated with specific treatments was not evaluated, and an investigation of treatment-associated adverse events was not performed. Due to the intermediate duration of follow-up (39.1 months), the impact of ADT on cancer-specific or overall survival was not analyzed in the present study.
In conclusion, conversion to monotherapy following attainment of the PSA nadir with initial MAB therapy prolonged progression-free survival in patients with prostate cancer. The results suggest that monotherapy maintenance following initial MAB therapy may benefit patients by reducing the incidence of side effects without decreasing treatment efficacy.
